. A total of 42 347 subjects were included in the study, of whom 19 292 were male and 23 055 were female. Logistic regression analysis was performed to assess the association between patterns of alcohol consumption and suicidal behavior.
INTRODUCTION
Suicide is a common cause of death in most developed countries. In Korea, it was the fourth leading cause of death (28.1 per 100 000) in 2012 [1] . Additionally, Korea is ranked first among the Organization for Economic Cooperation and Development (OECD) countries in suicide mortality [2] . Suicidal ideation and suicidal behavior, such as prior suicide attempts, are strong indicators of suicide, but only a minority of those attempting suicide seek medical attention from health care facilities [3] [4] [5] [6] , while the majority of unsuccessful attempts go unnoticed [7] .
Alcohol is one of the leading causes of the global burden of disease [8] , and alcohol use disorders are known to be a major risk factor for suicide [9] . Individuals with an alcohol use disorder are at high risk for multiple suicide attempts [10, 11] . The risk of suicidal behavior, such as suicide attempts and completed suicide, in alcohol-dependent individuals is epidemiologically and clinically significant [12] .
Alcohol Consumption and Suicidal Behavior
The Alcohol Use Disorders Identification Test (AUDIT) is one of the most frequently used tools in the world for assessing drinking problems in individual patients. The AUDIT score is calculated by summing the scores of 10 questionnaires about alcohol consumption, including questions about frequency of consumption and the amount of alcohol consumed per occasion. The total score is between 0 and 40; a score of 0 to 7 is considered to reflect low risk of alcohol dependence, while a score of 8 to 15 reflects medium risk of alcohol dependence, a score of 16 to 19 corresponds to high risk of alcohol dependence, and a score of 20 to 40 reflects alcohol dependence [13] . Alcoholic blackout refers to amnesia involving the events of any part of a drinking episode, without loss of consciousness, and can occur during alcohol intoxication in individuals with or without an alcohol use disorder [14] . AUDIT scores and alcoholic blackouts are associated with alcohol use disorders, which are, in turn, associated with suicide [15] , but the relationship between alcohol use and suicidal behavior in the general population has not been well established.
Various studies have been conducted to evaluate possible associations between alcohol consumption and suicidal ideation or suicide attempts. However, most studies have examined associations involving the frequency of alcohol consumption, the amount of alcohol consumed, and the frequency of binge drinking [16, 17] . Therefore, in this study using data from nationwide surveys, we investigated the association between patterns of alcohol consumption, including alcoholic blackouts, and suicidal behavior in Korean adults.
METHODS

Study Design and Participants
This study was based on data from the fourth and fifth Korea National Health and Nutritional Examination Survey (KNHANES) from 2007 to 2011. The KNHANES consisted of three components: a health interview survey, a nutrition survey, and a health examination survey. A total of 42 347 subjects were included.
We used data from the health interview for this study. Items pertaining to socioeconomic status, the presence of diseases, the assessment of medical services, and nutrition were presented by trained interviewers and items related to health behavior, including smoking status, alcohol consumption, and mental health were based on self-reported questionnaires. All participants provided written informed consent to participate in the survey, which was approved by the institutional review board of the Korea Centers for Disease Control and Prevention [18] .
Measurement of Variables
We used the AUDIT score to assess patterns of alcohol use. The frequency of alcohol consumption during the previous year was categorized as follows: never during the last year, less than monthly, monthly, two to four times a month, two to three times a week, more than four times a week, and nondrinking. In this analysis, respondents who reported not drinking during the previous year were considered to be non-drinking. The quantity of alcohol consumption per occasion during the previous year was categorized as follows: one to two drinks, three to four drinks, five to six drinks, seven to nine drinks, more than ten drinks, and non-drinking. The frequency of alcoholic blackouts during the previous year was categorized as follows: never, less than monthly, monthly, weekly, almost daily, and non-drinking. We regarded non-drinking respondents as falling into the category of "never, " and combined the weekly and almost daily categories because of the small number of female responders in these categories. We divided the AUDIT scores into four categories in order to facilitate comparison: 0 to 7, 8 to 15, 16 to 19, and 20 to 40 [13] . People with suicidal ideation were defined as those who had experienced suicidal ideation during the previous 12 months, and suicide attempters were defined as those who had attempted suicide during the previous 12 months. Several factors affected the prevalence of suicidal ideation and suicide attempts, such as age, educational level, household income level, region, employment status, living alone, private insurance, smoking status, and history of major depression during the previous 12 months.
Statistical Analysis
Characteristics of the study population relating to suicidal ideation and suicide attempts were compared using the chisquared test for categorical variables and the Student's t-test for continuous variables. In order to assess the association between alcohol use and suicide attempts, logistic regression analysis was performed to determine odds ratios (ORs) and 95% confidence intervals (CIs). In order to compare the influence of the AUDIT categories on suicidal ideation and suicide attempts to that of the frequency or quantity of drinking and the frequency of alcoholic blackouts, the independent variable was switched from the categorized AUDIT score to the other parameters, without any change in the confounders. Thus, four models were generated: categorized AUDIT scores, drinking frequency, drinking quantity, and frequency of alcoholic blackouts. A p-value <0.05 was considered statistically significant. Statistical analysis was performed using SAS version 9.2 (SAS Institute Inc., Cary, NC, USA).
RESULTS
The general characteristics and alcohol consumption patterns of the study subjects are shown in Alcohol Consumption and Suicidal Behavior unemployed, living alone, or who had no private insurance. Differences in suicidal ideation were found depending on smoking status, but smoking status had no association with suicide attempts. Significant differences were found depending on whether a history of major depression was present, with a greater prevalence of both suicidal ideation and suicide attempts, among those with a history of major depression. The prevalence of suicidal ideation and suicide attempts in females was higher than in males. As the level of education and household income increased, the prevalence of suicidal behavior decreased. The effects of characteristics involving region of residence, employment status, living alone, and private insurance were similar to those found in males. However, the prevalence of suicide attempts by smoking status increased from non-smokers to ex-smokers and current smokers. The effect of a history of major depression was similar to that found in males. Table 3 shows the results of all adjusted logistic regression analyses between patterns of alcohol consumption and suicidal behavior. We display the associations of the four types of alcohol consumption patterns that were analyzed (drinking frequency, drinking quantity, frequency of alcoholic blackouts, and categorized AUDIT score) with suicidal ideation and suicide attempts in males and females.
In males, no significant associations were found between either drinking frequency or drinking quantity and suicidal be- havior. A greater than weekly frequency of alcoholic blackouts was associated with an OR for suicidal ideation of 2.14 (95% CI, 1.47 to 3.13), and AUDIT scores of 20 and over were associated with an OR for suicidal ideation of 1.68 (95% CI, 1.28 to 2.10). The trend tests for suicidal ideation were statistically significant depending on the frequency of alcoholic blackouts and AUDIT scores. A greater than weekly frequency of alcoholic blackouts was associated with an OR for suicide attempt of 2.37 (95% CI, 1.14 to 4.94), but the trend was not significant. A drinking frequency of two to three times per week was associated with an OR for suicidal ideation of 1.41 (95% CI, 1.11 to 1.80), and a drinking frequency of more than four times per week was associated with an OR for suicidal ideation of 1.57 (95% CI, 1.12 to 2.20). The consumption of three or more drinks per occasion was associated with suicidal ideation, that were significantly higher than what was observed for nondrinkers. A greater than weekly frequency of alcoholic blackouts was associated with an OR for suicidal ideation of 2.16 (95% CI, 1.20 to 3.89). Higher AUDIT scores were associated with a significantly increased OR for suicidal ideation. The trends of suicidal ideation were found to be statistically significant for all patterns of alcohol consumption that were analyzed. A drinking frequency of four times per week or more was associated with an OR for suicide attempts of 2.85 (95% CI, 1.18 to 6.87), and AUDIT scores of 20 and over were associated with an OR for suicide attempts of 2.64 (95% CI, 1.17 to 5.96).
DISCUSSION
According to the 2007-2011 KNHANES results, 10.2% of males and 20.5% of females have experienced suicidal ideation, and 0.6% of males and 1.0% of females attempt suicide each year in Korea. According to data from Statistics Korea, the suicide rate in Korea was 31.7 per 100 000 people, making suicide the fourth leading cause of death in 2011 [19] . In the US, the 12-month prevalence estimate of suicide attempts was 0.4%, according to the National Comorbidity Survey, and the suicide rate was approximately 11.0 per 100 000 [18] . Considering that the mean suicide rate of OECD countries has been lower than 15 per 100 000 people since 2000 [20] , suicide is clearly a major public health problem in Korea.
Numerous factors influence suicidal ideation and suicide attempts. Social factors such as economic deprivation, poor educational attainment, unemployment, or the death of a spouse are related to suicide and physical illnesses like cancer, AIDS, diabetes, schizophrenia, and alcohol use disorders. Previous studies have shown that a history of major depression and high emotional stress increase the risk of suicide attempts [4, [21] [22] [23] [24] [25] . Korea is engaged in several suicide prevention campaigns, but they have not yet shown clear effects.
One of the neurobiological mechanisms associated with suicide is an abnormal serotonergic reaction, as indicated by features such as increased serotonin receptors and decreased serotonin metabolites (e.g., 5-hydroxyindoleacetic acid) [26] . It is well known that chronic alcohol exposure is linked to the action of serotonin, and that alcohol suppresses functional changes in serotonin [27] .
We found that AUDIT scores were associated with suicidal ideation in males and associated with suicidal ideation and suicide attempts in females. Especially in females, higher AUDIT scores were associated with significantly higher ORs for suicidal ideation than were found with AUDIT scores of 7 and lower, and a tendency was noted for increased ORs for suicidal ideation to correlate with increased AUDIT scores. McCloud et al. [28] found that AUDIT scores were associated with suicidal behavior in a psychiatric population. Their results were similar to ours, but they did not find a sex difference. Their study subjects were limited to psychiatric patients, which could have affected their results. We were unable to find any study evaluating these associations in the general adult population. Thus, to our knowledge, this is the first study to examine the association between AUDIT scores and suicidal behavior in the general adult population.
Alcoholic blackouts were associated with suicidal ideation and suicide attempts in males, and were associated with suicidal ideation in females. In males, a frequency of alcoholic blackouts of more than once a week was associated with a significantly higher OR for suicidal ideation and suicide attempts. In females, a non-zero frequency of alcoholic blackouts was associated with suicidal ideation ORs higher than that found among those who had never experienced alcoholic blackouts, but a monthly frequency of blackouts was not found to have a significant effect. To the best of our knowledge, this is the first study to examine the association between alcoholic blackouts and suicidal behavior.
In this study, patterns of alcohol consumption and suicidal behavior were found to be different among males and females. Previous studies have shown that patterns of alcohol consumption and emergence of drinking problem were different be sex, and they were associated with the weight of body water [29, 30] . It is also known that the risk factors of suicide differ ac-
